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CROSS-LINKING
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Objectives. Pulsed electric fields affect plant tissue not only by permeabilizing cell mem-
branes but also through pulse-induced modifications of the cell wall. By monitoring cell
membrane staining with FM1-43, which fluoresces intensely in phospholipid bilayers [1],
we tracked increases in cross-linking (and reduction of porosity) in potato tuber cell walls
after exposure to 1 ms rectangular electric pulses ranging in amplitude from 3 kV/m to
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50 kV/m. A decrease in the FM1-43 diffusion rate through the cell wall occurs within 30
seconds after pulse delivery. This response is mimicked by exogenous H2O2 and is blocked
by sodium azide, an inhibitor of the peroxidase-catalyzed production of H2O2, indicat-
ing that these pulse exposures activate a stress response in potato tuber cells that may be
similar to the rapid, H2O2-mediated, oxidative cross-linking of cell wall proteins [2] that pre-
cedes longer-term defensive responses to wounding or environmental stress [3]. To identify
changes in plant cell wall porosity (cross-linking of polymeric components of the cell wall)
after exposure to millisecond, kilovolt-per-meter pulsed electric fields, which may be used
for electrotransformation, electropermeabilization, and for the electroporative introduction
of preservatives and other compounds into fruits, vegetables, and other food materials.
Methods. Potatos (Solanum tuberosum cv. white rose) from a local market (Los Angeles,
CA, USA) were manually washed, peeled, and sliced to obtain a rectangular core 1.5 cm long
and 7.0 mm thick oriented perpendicular to the major tuber axis. Sections (7 mm x 7 mm x
1 mm) were cut from the phloem parenchyma tissue of the slice, rinsed with distilled water,
and used immediately. Experimental samples were treated with 25 mM H2O2 in 5 mM KCl
for 5 min, or pulsed after incubation in 10 mM sodium azide in 5 mM KCl for 15 minutes,
or pulsed after incubation in 5 mM KCl. Electric pulses were delivered to tissue sections
placed between two parallel, flat, stainless steel electrodes separated by 7 mm using a pulse
generator designed and assembled in the department of Electrical Engineering, University
of Southern California. Samples were exposed to a single 1 ms pulse at a range of applied
field strengths (3, 10, 20, 30, 40, and 50 kV/m) and placed in 2 µM FM1-43 (Molecular
Probes) in 5 mM KCl for 2 minutes before microscopic examination with a Zeiss Axiovert
200 epifluorescence microscope with a 10X objective. Images were captured and analyzed
with a Zeiss camera (AxioCam MRm) and software (AxioVision 3.1).
Results. The rate of FM1-43 staining of potato tuber cell membranes, a function of the rate
of diffusion of the dye through the cell well matrix [4], is greatly reduced after incubation of
the potato sample in H2O2, which decreases cell wall porosity by inducing oxidative cross-
linking of cell wall proteins [5]. H2O2 alone does not affect FM1-43 fluorescence. Within
30 seconds after exposure of potato tissue to single, 1 ms electric pulses in the range of 20
to 50 kV/m we see a marked reduction in the FM1-43 staining rate, which we interpret as
an increase in cell wall cross-linking. No effect was observed with pulsed fields of 3 and 10
kV/m. Diffusion of FM1-43 in the extracellular space after electropulsation is not affected
by pre-treatment with sodium azide, a strong peroxidase inhibitor [5,6].
Conclusions. Millisecond, kilovolt-per-meter electric pulses stimulate cell wall-associated
peroxidase production of H2O2 in potato tuber tissue, with an associate decrease in cell
wall porosity, consistent with the rapid burst of H2O2 production in plant cells after elicitor
treatment [7,8] or in response to a wound [6].
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